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© Renin inhibiting dipeptldes, their preparation and compositions containing them. 

© There are described new compounds of formula (1) 
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OH R 

R 1 -X 1 -X 2 -NH-CHCHCH o CHC0NH-X 3 -NR 4 R 5 
I 2 2 

CH 2 R 



(1) 



wherein 

R 1 represents an acyl group; 

X 1 represents phenylalanine or p-methoxyphenylalanine bonded N*terminally to R 1 and C-terminally to X 2 ; 
X 2 represents histidine or N-methylhistidine bonded N-terminally to X 1 and C-terminally to the group -NH-; 
R 2 represents a C*-s cycloaikyl group; 

R 3 represents a group CHR 6 R 7 (where R 6 is a hydrogen atom and R 7 is a phenyl group, or R 6 Is a methyl 
group and R 7 is a hydrogen atom or a methyl or ethyl group; 

X 3 represents a C2-6 aikyien chain opti nally substituted by one or m re C1-4 alkyl groups; 

R 4 and R 5 , which may be the same or different, each Ind pendently represent a hydrogen atom or a Ct-* 

alkyl group, or NR*R 5 may form a 5- or 6- membered polymethylenimine ring; 

and salts and solvates thereof. 
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The new compounds have been found to exhibit activity as renin inhinitors, combining good duration of 
action with significant oral potency. 

Compositions containing the compounds of formula (1) and processes for preparing the compounds are also 
described. 
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Dlpeptlde compounds, process for their preparation and compositions c ntalnlng them 



This invention relates to a series of dipeptides which inhibit renin, to processes for their preparation, to 
pharmaceutical compositions containing them and to their use in medicine. 

WO 84/03044, EP-A-01 63237, EP-A-01 73481, EP-A-01 84550 and EP-A-0212903 disclose compounds 
which are stated as useful as renin Inhibitors. We have now found that a small group of dipeptides 

5 genetically embraced by the disclosures in the aforementioned patent specifications, but not specifically 
disclosed therein, are highly active renin inhibitors having advantageous properties, in particular, the 
compounds of the present invention are highly selective inhibitors of the action of the natural enzyme renin. 
They also have a particularly advantageous combination of good duration of action with significant oral 
potency. Furthermore, the dipeptides of the present invention exhibit advantageous physico-chemical 

w properties. 

Thus, according to one aspect of the present invention, we provide the compounds of formula (1) 

OH R* 

R A -X A -X 2 -^H-CHCHCH..CHC0NH-X M^R **R 5 (1 ) 

CH^R 2 



wherein 

R 1 represents an acyl group; 

X 1 represents phenylalanine or p-methoxyphenylalanine bonded N-terminaliy to R 1 and C-terminally to X 2 ; 
X 2 represents histidine or N-methylhistidine bonded N-terminally to X ! and C-terminally to the group -NH-; 
R2 represents a C*-6 cycloalkyl group; 

R3 represents a group CHR 6 R 7 (where R 6 is a hydrogen atom and R 7 is a phenyl group, or R 6 is a methyl 
group and R 7 is a hydrogen atom or a methyl or ethyl group; 

X 3 represents a C2-6 alkylene chain optionally substituted by one or more C1-4 aikyl groups; 

R* and R 5 , which may be the same or different, each independently represent a hydrogen atom or a Ci-* 

alkyl group, or NR 4 R 5 may form a 5 or 6 membered poiymethylenimine ring; 

and salts and solvates (eg hydrates) thereof. 

It will be appreciated that, for pharmaceutical use, the salts referred to above will be the physiologically 
acceptable salts, but other salts may find use, for example in the preparation of the compounds of formula 
(1 ) and the physiologically acceptable salts thereof. 

Suitable salts of the compounds of formula (1) include acid addition salts formed with organic or 
inorganic acids (for example hydrochlorides, hydrobromides, sulphates, phosphates, nitrates, benzoates, 
naphthoates, hydroxy naphthoates, p-toluenesulphonates. methanesulphonates, sulphamates, ascorbates, 
oxalates, tartrates, salicylates, succinates, lactates, glutarates, glutaconates, acetates, trifluoroacetates, 
tricarballylates, citrates, fumarates and maleates). 

It will also be appreciated that the compounds of formula (1) may contain one or more undefined chiral 
centres and the invention includes all individual optical isomers of the compounds of formula (1) as well as 
mixtures thereof. However, It is to be understood that the R 3 . OH and CH 2 R 2 groupings always retain the 
relative configurations shown In formula (1). It is to be further understood that the amino acid residues X 1 
and X 2 always have the natural L-configuration. 

References hereinafter to compounds of formula (1) and their use and preparation should, unless the 
context dictates otherwise, be taken to be references to the compounds and their salts, eg the physiologi- 
cally acceptable salts. 

In the compounds of formula (1), the 'acyl group 1 within the definition of R 1 may be, for example, a 
group R 8 X 4 C( = 0)- where R 8 Is a Ci-c alkyl group and X 4 is an oxygen atom or a bond. 

The term , N-methylhlstidine , within the definition of X 2 means a histidine group containing a methyl 
substituent attached to the amide nitrogen atom linking X 1 and X 2 . 

The term 'alkyl' as defined within X 3 , R\ R 5 and R 8 may be a straight or branched chain aikyl group. 
Examples of suitable alkyl groups Include methyl, ethyl, n-propyl, i-propyl, n-butyl, s-butyl and t-butyl. 

When R 4 or R 5 are alkyl groups or X 3 contains an alkyl substituent this is preferably methyl. 

R 1 preferably represents a group R 8 X 4 C(=0)- where R 8 is a C1-4 alkyl group and X 4 is an oxyg n 
atom or a bond. Examples of such groups Include acetyl, ethoxycarbonyl and t-butoxycarb nyl. 

R 2 preferably represents a cyclopentyl group or, more preferably, a cyclohexyl group. 
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X 3 preferably represents a C2-4 alkylene chain optionally substituted by one or two methyl groups. 
Examples of such chains Include -(CH 2 ) 2 -, -CH2C(CH3)2- and -(CH 2 )i-. 

Preferably R* and R 5 ach Independently represent a hydrogen atom or a methyl group, more 
pr ferably each represent a hydrogen atom. 

A preferred class of compounds of the invention are those represented by formula (1a) 

OH R 3 

R A -X A -X MH-CHCHCHjCHCONH-X 3 -NR ^ 5 (la) 
= / \ 



wherein R 1 represents a group R 8 X 4 C( = 0)- where R 8 is a C1-4 alky! group and X* is an oxygen atom or a 
bond; X 1 , X 2 and R 3 are as defined in formula (1) above; X 3 represents a C 2 -* alkylene chain optionally 
substituted by one or two methyl groups; and R* and R 5 each represent a hydrogen atom or a methyl 
group. 

20 A preferred group of compounds from within this preferred class are those in which R 1 represents an 
acetyl or t-butoxycarbonyi group, X 1 represents phenylalanine, X? represents histidine, R 3 represents a 
group CHR 6 R 7 where R 6 represents a hydrogen atom and R 7 represents a methyl or preferably a phenyl 
group, X 3 represents a chain -<CH 2 )*-, -CH 2 CH(CH 3 )- or, more preferably. -(CH 2 ) 2 - and R* and R s each 
independently represent a hydrogen atom or a methyl group, more particularly each represent a hydrogen 
atom. 

A preferred compound according to the invention is N-[(1 f 1-dimethylethoxy)carbonylK-ph 
[lS-(cyclohexylmethyl)-2S-hydroxy-5-[[2-am 
and its salts, especially physiologically acceptable salts, and solvates. 

Compounds of formula (1 ) have been shown both in vitro and in vivo to inhibit the action of the natural 
30 enzyme renin. 

Human renin inhibitory potency was detemined in vitro by measuring the ability of the test compound to 
inhibit endogenous plasma renin generation of angiotensin I from endogenous substrate at pH 7.4. Liberated 
angiotensin I was measured by an antibody-trapping radioimmunoassay technique based on methods 
described by K. Poulsen and J. Jorgensen in J. Clin. Endocrinol. Metab. (1974), 39, 816-825 and M. Szelke 
et. al. in Hypertension (1987), 4, Suppl. II, 59-69. 

Inhibition of plasma renin activity was also assessed in the conscious chronically-cannulated normoten- 
sive marmoset according to the method of C. J. Gardner and D. J. Twissell in Brit J. Pharmacol. (1985), 86, 
620P. Frusemide (5mg/kg i.v.) was administered to the marmoset 30 minutes before the beginning of the 
experiment in order to elevate and stabilise renin levels. The plasma renin activity was measured according 
to the aforementioned procedure. 

Compounds according to the invention may therefore be of particular use in the treatment of 
hypertension. They are also potentially useful for the treatment of other diseases such as hyperal- 
dosteronism, cardiac insufficiency, congestive heart failure, post-myocardial infarction, cerebrovascular 
disorders, glaucoma and disorders of intracellular homeostasis. 
45 Compounds according to the invention also have favourable physico-chemical properties. Thus, for 
example, compounds of the invention have good water solubility at near to physiological pH [e.g. pH 6.0 to 
8.0] which makes them particularly suitable for parenteral administration. 

According to a further aspect of the Invention we provide a compound of formula (1) or a physiologically 
acceptable salt thereof for use In the treatment of the aforementioned diseases, especially hypertension. 
50 According to another aspect of the Invention we provide the use of a compound of formula (1) or a 
physiologically acceptable salt thereof for the manufacture of a therapeutic agent for the treatment of the 
aforementioned diseases, especially hypertension. 

According to a further aspect of the invention we provide a method of treating the aforementioned 
diseases, especially hyp rt nsion, which method comprises administering an effective amount of a 
55 compound of formula (1) or a physiologically acceptable salt thereof to the pati nt 

It will be appreciated that the compounds of formula (1) may advantageously be used in conjunction 
with one or more other therapeutic agents, such as for example diuretics and/or different antihypertensive 
agents. It is to be understood that the present Invention covers the us of a compound of formula (1) or a 
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physiologically acceptable salt thereof in combination with one or more ther therapeutic agents. 

The compounds of the invention may be formulated in any convenient manner with one or more 

pharmaceutical carriers. Thus, a further aspect of the invention includes pharmaceutical compositions 

comprising a compound of formula (1) or a physiologically acceptable salt thereof formulated for oral, 
5 buccal, transdermal, parenteral or rectal administration or in a form suitable for administration by inhalation 

or insufflation. Oral administration is preferred. 

For oral administration the pharmaceutical compositions may take the form of for example tablets, 

which may be film or sugar coated, capsules, powders, granules, solutions Including syrups, or suspensions 

prepared by conventional means with acceptable excipients. 
to For parenteral administration the compounds of formula (1) may be given as a bolus injection or by 

continuous infusion. The compositions may take such forms* as suspensions, solutions or emulsions in oily 

or aqueous vehicles and may contain formulatory agents such as suspending, stabilising and/or dispersing 

agents. For administration by injection these may take the form of a unit dose presentation or as a 

multidose presentation preferably with an added preservative. 
75 Alternatively for parenteral administration the active ingredient may be in powder form for reconstitution 

with a suitable vehicle. 

The compounds of formula (1) may be formulated as ointments and creams for transdermal administra- 
tion and as suppositories or retention enemas for rectal administration. 

For buccal administration the composition may take the form of tablets or lozenges formulated in 
20 conventional manner. 

For administration by inhalation the compounds according to the invention are conveniently delivered in 
the form of an aerosol spray presentation from pressurised packs with the use of a suitable propellant, e.g. 
dichlorodifiuoromethane, trichlorofiuoromethane, dichlorotetrafiuoroethane, carbon dioxide or other suitable 
gas, or from a nebuliser. In the case of a pressurised aerosol the dosage unit may be determined by 
25 providing a valve to deliver a metered amount 

Alternatively, for administration by inhalation the compounds according to the invention may take the 
form of a dry powder composition, for example a powder mix of the compound and a suitable powder base 
such as lactose or starch. The powder composition may be presented in unit dosage form In, for example, 
capsules or cartridges of e.g. gelatin, or blister packs from which the powder may be administered with the 
30 aid of an inhaler or insufflator. 

When the compositions comprise dosage units, each unit will preferably contain 5mg to 500mg, 
advantageously where the compounds are to be administered orally 25mg to 400mg of the active 
compound. The dally dosage as employed for adult human treatment will preferably range from 5mg to 3g, 
most preferably from 25mg to 1g which may be administered in 1 to 4 daily doses, for example, depending 
35 on the route of administration and on the condition of the patient. 

The compounds of formula (1) may be prepared by the following processes, wherein the various groups 
and symbols are as defined for formula (1) unless otherwise specified. 

Thus, according to a further aspect of the present invention we provide a process for preparing the 
compounds of formula (1) which comprises treating the lactone of formula (2) 

40 

0 




Ri-XA-X 2 -NH-CH • • (2) 

CH 2 R 2 



with a diamine of formula (3) 

R 5 R*N-X3-NH 2 (3) 

and, if desired, followed by salt formation. 

The reaction may be effected In the absence or presence of a solvent at any suitable temperature eg 
room temperature to 80 # C. Suitable solvents include alcohols or halogenated hydrocarbons(eg dich- 
loromethane). 

It will be appreciated that when R* and R 5 both repr s nt hydrogen atoms it may be desirable to 
protect one of th two primary amino groups in the diamine (3) in order to effect the desired reaction. 
Suitable protecting groups include benzyloxycarbonyl or th primary amine may form a phthailmido group 
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which may be removed using standard procedures. 

Intermediates of formula (3) are either known compounds or may be prepared by methods analogous to 
those described for preparing the known compounds of formula (3). 

The lactones of formula (2) may be prepared from compounds of formula (4) 



10 

R A -NH-CH- 



i R 3 
n /\/ (4) 

I I 



CH 2 R 2 



using well-known methods for introducing the amino acid residues X 1 and X 2 . 

Thus, for example, the compound (4) may be selectively hydrolysed e.g. with hydrogen chloride in 
dioxan or tetrahydrofuran or with trifluoracetic acid to provide the compound (5) 



20 0 

II 



A/' 
f (5) 

H 2 N-CH • • 

6h 2 r 2 



or a salt thereof (e.g. the hydrochloride salt). 

The compound (5) or a salt thereof may then be treated with a carboxylic acid of formula (6) 
FT-X 1 -X2-OH (6) 

under dehydrating conditions to provide the desired intermediate of formula (2). The dehydration reaction 
may be effected in a suitable solvent (eg an amide such as dimethylformamide) in the presence of a 
dehydrating agent such as diphenyiphosphoryl azide and preferably in the presence of a base such as 
triethylamine. 

Alternatively, the compound (5) may be converted to the compound of formula (2) in a stepwise manner 
involving sequential reaction with the compounds of formulae (7) and (8) 
Fr-X2-OH (7) 
FTOO-OH (8) 

or a suitable ester thereof, e.g. the pentafluorophenyl ester. 

Reaction with the compounds (7) and (8) may be effected under dehydrating conditions analogous to 
those described just above. Reaction with e.g. the pentafluorophenyl esters of the compounds (7) and (8) 
may be similarly effected but using an amine such as 4-(2-aminoethyl)morpholino In place of the 
dehydrating agent 

It will be appreciated that the R 1 group will need to be removed after reaction with (7) and before 
reaction with (8). The R 1 group may be removed under acidic conditions as described previously. 

It may be necessary to protect other active groupings in the molecule when preparing a compound of 
formula (2). Thus, for example, when the compound of formula (2) is prepared in a stepwise manner from a 
compound of formula (5) the histidine imidazole NH group may need to be protected. Suitable protecting 
groups include 2,4-dinitrophenyl which may subsequently be removed under the general process conditions 
described above for preparing compounds of formula (1) from compounds of formulae (2) and (3). 

The compounds of formulae (6), (7) and (8) are either known compounds or may be prepared from 
known compounds using standard methodology. 

The compounds of formula (4) may be prepared from compounds of formula (9) 
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(9) 



CH 2 R 2 



using methods for introducing the group R 3 . 

The conversion may be effected by reacting the compound (9) with a strong base e.g. sodium 
bistrimethylsilylamide or lithium diisopropylamide in a suitable solvent such as an ether (eg tetrahydrofuran) 
at a low temperature (eg -70* C) followed by treatment with a compound R 3 L where L is a leaving group 
such as halogen (eg bromine), alkanesulphonyloxy (eg methanesulphonyloxy or trifluoromethanesul- 
phonyloxy) or arylsulphonyloxy (eg benzenesulphonyloxy or p-toluenesulphonyloxy). 

The compounds of formula (9) are either known compounds described in EP-A-0212903 or may be 
prepared according to the methods described therein for preparing the known compounds of formula (9). 

Alternatively, the compounds of formula (4) may be prepared from compounds of formula (10) 



(where R 8 is a hydroxyl protecting group, eg acetyl) by treatment with an aqueous base (eg sodium 
hydroxide in aqueous ethanol) followed by N,N 1 -dicyclohexylcarbodiimide in an alcoholic solvent such as 
ethanol or In a ester solvent such as ethyl acetate. 

The compounds of formula (10) may be prepared from compounds of formula (11) 



(where R a is as defined above) by peroxidation. The reaction may, for example, be effected using a 
periodate such as sodium metaperiodate in the presence of a suitable transition metal catalyst such as 
ruthenium trichloride. Conveniently, the compounds of formula (4) are prepared from compounds of formula 
(11) without isolating the Intermediate compounds of formula (10). 

The compounds of formula (11) may be prepared from compounds of formula (12) 



using standard procedures. Thus, for example an acetyl group may be introduced by treating a compound 
(12) with acetic anhydride under basic conditions (e.g. using pyridine or 4-dimethylaminopyridine or a 
mixture thereof). 

The compounds of formula (12) may be prepared from the known compounds of formula (13) 



a 

OR R* 
f i 
Ri-NH-CH-CHCH^CHCOjH 

CH 2 R 2 



(10) 



OR R* 
R^-NH-CH-CHCH 2 ^HCH=CH 2 
CH 2 R 2 



(11) 



OH R 3 
R 1 -NH-CH-CKCH 2 CHCH=CH 2 
CH 2 R 2 



(12) 
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R'-NH-CHCHO (13) 
CH 2 R 2 

5 

by a Grignard reaction with a known compound of formula (14) 

HalMgCH 2 CHCH=CH 2 (14) 

w 

(where Hal is a halogen atom, eg bromine) in a suitable solvent such as an ether (eg diethyl ether), and 
conveniently at room temperature. 

When R 1 is a particular acyl protecting group this may be converted to a different acyl protecting group 
- 75 at any suitable stage in the overall synthesis of the compounds of the invention. Thus, for example, a t- 
butoxycarbonyl group may be converted to an acetyl group by first removing the t-butoxycarbonyl group by 
hydrolysis e.g. with hydrogen chloride in dloxan or tetrahydrofuran or with trffluoroacetic acid followed by 
treating the resulting primary amine or a salt thereof (e.g. the hydrochloride salt) with acetic anhydride 
under basic conditions in a suitable solvent such as a halogenated hydrocarbon (eg dichloromethane). 
2 o If a salt of a compound of formula (1) is formed, the corresponding base may be obtained by addition 
of a suitable base. 

If a compound of formula (1) is obtained as a base, a corresponding salt may be obtained by 
conventional means, eg by addition of an appropriate acid. The reaction may conveniently be effected by a 
suitable solvent at room temperature. 

25 A salt of a compound of formula (1) may be converted into a different salt, e.g. a physiologically 
acceptable salt by addition of a suitable acid using conventional means. 

The general process steps described above may yield the product of general formula (1) as an 
individual stereoisomer. However, when, for example, X 3 contains a chiral centre the product of general 
formula (1) may be obtained as an individual stereoisomer or as a mixture of steroisomers. Specific isomers 

30 may be separated at any convenient point in the overall synthesis by conventional methods eg chromatog- 
raphy. 

The wlggly line notation used in formulae (10), (11), (12) and (14) means that the stereochemistry is 
undefined at this carbon atom. 

Compounds of formulae (2), (4), (5), (10), (11) and (12) are novel, and the novel compounds form a 
35 further aspect of the present invention. 

The following non-limiting Examples illustrate the invention. All temperatures are in * C. 



Intermediate 1 

40 

N-|2S»(Acetyloxy)-1S-cyclohexylmethyl-5-hexen-1-yl|carbamic acid, 1,1-Dimethylethy! ester 

A Grignard reagent was prepared from 4-bromo-l-butene (12.75ml) and magnesium (3g) in dry ether 
4 5 (60ml). To the stirred solution, cooled In an ice-bath, was added a solution of N-[(1 ( 1-dimethylethoxy)- 
carbonylJ-L-cycIohexylalanlnal (12^g) In dry ether (20ml) at such a rate that the reaction mixture remained 
at ca. 20* . The mixture was stirred at 20* for a further 15 minutes. It was then cooled in an ice-bath, and 
2NTulphuric acid (25ml) was added dropwise to destroy the excess Grignard reagent. The mixture was 
partitioned between ethyl acetate (150ml) and 2N-sulphuric acid (100ml) and the organic layer was washed 
50 with a tittle water, dried (Na2SO*) and evaporated to a pale yellow oil. The oil (15.7g) in dry dich- 
loromethane (250ml) was treated with pyridine (6ml) and acetic anhydride (7.25ml) and 4- 
dimethylaminopyrtdlne (100mg). The pale yellow solution was stirred at 20* for 20 hours, then diluted with 
dichloromethane (250ml) and washed successively with 100ml portions of water. 2N-hydroch!oric acid, 
water, 5% sodium hydrogen carbonate solution, and water. The organic layer was dried (Na2SO<) and 
55 evaporated to an oil. The oil was purifi d on silica (500g) eluted with ethyl acetate: petrol (1:19) In 250ml 
fractions. Fractions 12 to 17 yielded th title compound (9.87g) as a colourless oil, [a] 0 -45* (CH2CI2, c 
3.4), 6 (CDCb) 0.7 to 1.07 (m,2H), 1.07 to 1.90 (m, including 1.47, 1.49, 2s,9H), 2.09 (s and m,5H), 3.88 
(m.1H), 4.47. 4.26 (2d.1H), 4.80 to 5.10 (m,3H), 5.70 to 5.90 (m,1H). 
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Intermediate 2 



N-[2S-(AcetyloxyHS-(cyclohexylmefr^ ac 'd. 1,1-dimethylethyl ester 

6 

A Grignard reagent was made from 3-bromomethyM-pentene (4.078g) and magnesium (550mg) in dry 
ether (20ml). The resulting cloudy solution was stirred under nitrogen and cooled in a water-bath at ca. 15* . 
To the stirred mixture was added a solution of N-(1,1-dlmethylethoxy- carbonyl)-L-cyclohexylalaninal (1.95g) 
in ether (10ml) dropwise over 8 minutes. The mixture was stirred at 20* for 30 minutes, then cooled (ice- 

w bath) and treated with 2N-sulphuric acid (10ml) and water (10ml). The mixture was diluted with ethyl acetate 
(150ml) and the organic layer was washed (2N-sulphuric acid, 40ml and water, 2x30ml), dried (Na 2 SOO and 
evaporated to a pale orange oil. This oil in dichloromethane (40ml) was treated with pyridine (1.6ml) and 
acetic anhydride (1.92ml). 4-Dimethylamlnopyridine (15mg) was added, and the clear solution was stirred at 
20* for 24 hours. The reaction mixture was diluted with dichloromethane (150ml) and washed successively 

75 with 25ml portions of 2N-hydrochloric acid, water, 5% sodium hydrogen carbonate solution and water. It 
was then dried (Na 2 S00 and evaporated to an oil which was purified on a column of silica gel (100g) e luted 
with ethyl acetate: petrol (1:4) in 50ml fractions. Fractions 8 to 12 yield the title compound (1.1 7g) as a clear 
oil, & (CDCI 3 ) 0.7 to 1.05 (m,5H), 1.05 to 2.0 (m, including 1.46, s,9H), 2.03. 2.08 (2s.3H), 3.70 to 4.0 
(2m,1H), 4.45 (2d,1H), 4.70 to 5.10 (m.3H), 5.40 to 5.65 (m,1H). 

20 Intermediate 3 and 4 were prepared in a similar manner. 



Intermediate 3 

25 

N-[2S-(Acety loxy )-1 S-(cyclohexy Imethy l)-4RS-(1 -methy lethy l)-5-hexen-1 -y l]carbamic acid, 1,1-dimethylethyl 
ester 

(0.65g), 5 (CDCI3) 0.82. 0.86 (2d.6H), 0.80 to 1.95 (m. including 1.46, s,9H), 2.03, 2.08 (2s.3H). 3.70 to 4.0 
30 (2m,1H), 4.35 to 4.55 (2d.1H), 4.70 to 5.15 (m.3H). 5.45 to 5.65 (m.1H). 

From N-(1,1-dimethylethoxycarbonyl)-L-cyclohexylalaninal (3.3g) and 3-bromomethyl-4-methyl-1-pentene. 



Intermediate 4 

35 

N-[2S-(Acetyloxy)-1S(cyclohexylmethyl)-4BS-ethenyl-5RS-methyl-1-heptyl]carbamic acid, 1,1-Dimethylethyl 
ester, 

AO isolated, after chromatography as two pairs of diastereoisomers (i) the (4R, 5RS) pair of isomers 
(0.975g), 5 (CDCI3) 0.6 to 1.0 (m,8H), 1.0 to 1.85 (m, including 1.42.S.9H), 1.96. 2.01 (2s,3H), 2.0 to 2.15 
(m.1H), 3.7 to 4.0 (2m.1H). 4.3 to 4.5 (2d,1H), 4.72 to 5.06 (m,3H). 5.4 to 5.7 (m,1H); and (ii) the (4S.5RS) 
pair of isomers (0.41g) ( 5 (CDCI3). 0.7 to 1.0 (m,8H), 1.0 to 2.05 (m, including 1.40.S.9H). 2.02 to 2.10 
(2S.3H), 3.6 to 4.0 (m.1H), 4.3 to 4.55 (m,1H), 4.75 to 5.2 (m.3H). 5.4 to 5.7 (m,1H). 

45 From N-(1,1-dimethylethoxycarbonyl)-L-cyclohexylalaninal (3.57g) and 3-bromomethyl-4-methyl-1-hexene. 



Intermediate 5 

50 

N-[2-Cyclohexyl-1$-(4,5Kiihydro-2-oxo-3H-furan'5S-yl)ethyllcarbamic acid, 1,1-Dimethylethyl ester 

Intermediate 1 (9.75g) in carbon tetrachloride (60ml) and acetonitriie (60ml) and water (90ml) was 
treated with ruthenium chloride trihydrate (157mg) and sodium metaperiodate (23.8g). The mixture was 
65 stirred vigorously for 2.5 hours, filtered, and the residue washed with water (40ml) and dichloromethane 
(400ml). The organic layer was dried (Na2S04) and evaporated to give a gr y foam (10g). The foam was 
stirred in ethanol (160ml) with 1N aqueous sodium hydroxide (75ml) at 20* for 1.5 hours. The solution was 
acidified with 2N-hydroch!oric acid (50ml) and xtracted with ethy! acetate (2x50ml). The organic layer was 
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washed with water (25ml), dried (Na 2 SCU) and evaporated to an oil-water mixture, which was redissolved in 
ethyl acetate, dried (Na 2 SO*) and evaporated to a foam. The foam was dissolved in ethyl acetate (100ml) 
and treated with N.N'-dicyclohexylcarbodiimide (5g) in ethyl acetat (50ml). The mixture was stirred at 20* 
for 40 minutes and then filtered. The filtrate was treated with acetic acid (0.1 ml), ethanot (0.1ml) and water 

s (0.8ml), stirred at 20* for 45 minutes, and then evaporated to a wet solid which was left at 4* overnight. 
The solid was treated wtth ethyl acetate (150ml) and filtered, and the filtrate was evaporated to a grey oil 
which was purified on silica (400g) eluted with ethyl acetate:petrol (1:4) in 200ml fractions. Fractions 10 to 
21 yielded the title compound (52g) as a pale yellow oil, [o] 0 -33* (CHCI 3 . cl.2); 6 (CDGI 3 ) ( 0.72 to 1.06 
(m.2H). 1.06 to 1.90 (m, including 1.42, s t 9H), 1.96 to 2.32 (m,2H), 2.42 to 2.58 (m.2H), 3.84 (m,1H). 4.30 to < 

io 4.54 (m.2H); 9mat (CHBr 2 ) 1705, 1767 (carbonyls), 3425 cm" 1 (NH). 



Intermediate 6 

75 

N-[2-Cyclohexyl-lS-(3R-ethyl-4 1 &-dihydro-2-oxo-3H-furan-5S-yl)ethyl]carbamic acid, 1 ,1-dimethylethyl ester 

- Intermediate 2 (1.05g) in carbon tetrachloride (7ml) and acetonitrile (7ml) was treated with ruthenium 
trichloride trihydrate (20mg) and sodium metaperiodate (2.6g) and water (10.5ml). The brown mixture was 

20 stirred vigorously at 20* for 5 hours, partitioned between dichloromethane (200ml) and water (50ml), the 
organic layer washed with a little water, then dried (Na 2 SO*) and evaporated to a grey foam. The foam was 
dissolved In ethanol (25ml) and treated with 1N-sodium hydroxide solution (10.4ml). The solution was stirred 
at 20* for 2.5 hours, acidified with 1N-hydrochloric acid (20ml) and extracted with ethyl acetate (200ml). 
The organic layer was washed with a little water, then dried (Na 2 S0*) and evaporated to a wet oil which 

25 was redissolved in ethyl acetate, dried (Na^O*) and evaporated to a foam. The foam was dissolved in 
ethyt acetate (20ml) and treated with N.N'-dicyclohexylcarbodiimide (250mg). The mixture was stirred at 
20* for 1 hour, more dicyclohexylcarbodiimide (100mg) was added and the mixture was stirred at 20* for a 
further hour. The mixture was filtered, and the filtrate was evaporated to a foam, which was redissolved in 
ethenethyl acetate (1:1. 15ml), and filtered and evaporated to a white foam. The foam was purified on a 

30 column of silica gel (100g) eluted with ethyl acetate rpetrol (1:9) In 100ml fractions. Fractions 8 to 10 yielded 
the title compound (239mg) as a soft white solid, 6 (CDCI 3 ) 0.70 to 1.05 (m t 2H) 1 .01 (t3H), 1.05 to 2.05 (m. 
including 1.47.S.9H), 2.35 (m,1H), 2.55 (m t 1H). 3.88 (m,1H), 4.35 (d.1H), 4.47 (m.1H); * max (CHBr 2 ). 3410 
(NH), 1760 (lactone C = 0) and 1705cm" 1 (carbamate C = 0). 
Intermediates 7 and 8 were prepared in a similar manner. 

35 



Intermediate 7 

40 

N-[2-Cyctohexyl-lS[3S-(1-methyle^ acid. 1,1- 

dimethylethyl ester ' 

(92mg), 5 (C D C I 3 ) 0.93, 1.01 (2d,6H), 0.70 to 2.00 (m, Including 1.46.S.9H), 2.00 to 2.30 (m,3H), 2.50 to 
45 2.65 (m, 1 H), 3.88 (m,1 H), 4.35 (d,1 H), 4.43 (m,1 H). 
From Intermediate 3 (621 mg). 



Intermediate 8 

50 

N-[2-CyclohexyHS[3S-(1RS-methy^^ acid, 1.1- 

dimethylethyl ester 

55 (44mg), £ (CDCI 3 ) 0.7 to 1.07 (m,8H), 1.07 to 1.09 (m, including 1.45,s,9H), 1.9 to 2.35 (m,3H), 2.55 to 2.8 
(2m.1H), 3.86 (m.1H), 4.36 (2d f 1H), 4.44 (m,1H). 
From the (4S, 5RS) pair of isomers of Intermediate 4 (380mg). 
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Intermediate 9 



N-[2-CyclohexyHS-(3R-ethyl-4,5-dihydro-2-oxfr^ acid, 1.1-dimethylethyl ester 

5 

To a 1M solution of sodium bistrimethylsilylamide (1.3ml), diluted with tetrahydrofuran (1ml) and cooled 
to -70* under nitrogen was added dropwise a solution of Intermediate 5 (155mg) in tetrahydrofuran (0.8ml), 
at a rate that maintained the reaction temperature below -65* . The resulting yellow solution was stirred at 
-70* for 15 minutes, then ethyl trifluoromethanesulphonate (97.9mg) was added ever 0.5 minute. After 

70 stirring at -70* for 3 hours, acetic acid (0.5ml), then 2N hydrochloric acid (15ml) were added. The mixture 
was allowed to warm to 20* , when it was extracted with dichloromethane (2x20ml). The combined extracts 
were dried (MgSOO and evaporated to a yellow gum. Chromatography on silica gel (10g), eluting with ethyl 
acetate/hexane (1:4 v/v) yielded the title compound as a white solid (92mg), 6 (CDCla) 0.7-0.95 (2H,m), 0.97 
(3H,t), 1.05-1.9 (13H,m), 1.45 (9H,s), 1.9-2.05 (1H,m), 2.35 (1H,m), 2.55 (1H t m), 3.85 (1H,m), 4.35 (1H,d), 4.5 

rs (1H,m); iw <CHBr 2 ) 1705. 1755, 3420 cm" 1 . 



20 



Intermediate 10 



N-[2-Cyclohexyl-lS-(3R-phenylmethyl-4,5-dihydro-2-oxo-3H-furan-5S-yl)ethyl]carbamlc acld t 1,1- 
dimethylethyl ester 



25 Method A 

To a 0.57M solution of lithium diisopropylamide (7ml) in tetrahydrofuran and cooled to -70* under 
nitrogen was added dropwise a solution of Intermediate 5 (600mg) In tetrahydrofuran (2ml), at a rate that 
maintained the reaction temperature below -65*. The resulting yellow solution was stirred at -70* for 20 

30 minutes, then benzyl bromide (0.69g) was added over 1 minute. After stirring at -70* for 4.5 hours, acetic 
acid (0.5ml), then 2N hydrochloric acid (25ml) were added. The mixture was allowed to warm to 20* and 
then extracted with dichloromethane (2x50ml). The combined extracts were dried (MgSO*) and evaporated 
to a yellow gum. Chromatography on silica gel (30g) t eluting with ethyl acetate/hexane (1:9 v/v) then (1:4 
v/v) yielded the title compound as a white solid (368mg), S (CDCI 3 ) 0.7-1.0 (2H,m). 1.0-1.8 (11H t m), 1.4 

35 (9H,s). 1.95-2.15 (2H.m), 2.8-3.2 (2H.m), 2.95 (1 rim), 3.8 (1H,m), 4.2 (1H,m), 4.3 (1H,d), 7.1-7.3 (5H ( m); w 
(CHBr 3 ) 1705, 1760. 3430 cm''. 



METHOD B 

40 

To a 0.6M solution of sodium bistrimethylsilylamide (16.6ml) in tetrahydrofuran and cooled to -70* 
under nitrogen was added dropwise a solution of Intermediate 5 (2.5g) in tetrahydrofuran (12ml), at a rate 
that maintained the reaction temperature below -65*. The resulting yellow solution was stirred at -70* for 
20 minutes, then benzyl bromide (3.42g) was added over 3 minutes. After stirring at -70* for 4 hours acetic 
45 acid (4ml) then 2N hydrochloric acid (25ml) were added. The mixture was allowed to warm to 20* and then 
extracted with dichloromethane (3x40ml). The combined extracts were dried (MgSOO and evaporated to an 
oil. Chromatography on silica gel (150g), eluting with ethyl acetate/ hexane (1:9 v/v) then (1:4 v/v) yield the 
title compound as a white solid (348mg). NMR analysis showed the product to be the same as that 
prepared according to Method A above. 

50 

Intermediate 11 



65 N-[1 S-g3R-phenylmethyl}-2-oxo-(3HKIlhydrofuran-5S-y^2-cyclohexylethylh[N-[(1 ,1 -dimethy lethoxy )- 
carbonyll-L-phenylalanyl]-L-(N(im)-2,4-dinitrophenyl) histidinamide 

Intermediate 10 (254mg) was stirred with a 4M solution of hydrogen chloride in dioxan (10ml) for 20 
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minutes at room temperature, then evaporated to give a pale cream solid. The solid was dissolved in 
dimethylformamide (2ml), then triethylamine (96ul) and N-[(i ( i^imethylethoxy)carbonylhL-[N(im)-2,4- 
dinitrophenyl] histidlne pentafluorophenyl ester (570mg) were added, and the mixture stirred at room 
temperature for 1 hour. 4-(2-Aminoethyl)morpholine (130ul) was added and the mixture stirred at room 

5 temperature for 5 minutes. The reaction mixture was diluted with ethyl acetate (50ml) and washed with citric 
acid (2x30ml), saturated sodium bicarbonate (2x30ml), brine (30ml), dried (MgSO*) and evaporated to a 
yellow foam. The foam was stirred with a 4M solution of hydrogen chloride in dioxan (10ml) for 20 minutes 
at room temperature, then evaporated to give a yellow solid. The solid was dissolved in dimethylformamide 
(2ml), then triethylamine (96ul) and N-[(1,1-dimethylethoxy)carbonyl]-L-phenylalanine pentafluorophenyl 

w ester (460mg) were added and the mixture stirred at room temperature for 1 hour. 4-(2-AmInoethyI)- 
morpholine (130ul) was added and the mixture stirred at room temperature for 5 minutes. The reaction 
mixture was diluted with ethyl acetate (50ml), and washed with 1N citric acid (2x30ml), saturated sodium 
bicarbonate (2x30ml), brine (30ml), dried (MgSO*) and evaporated to a yellow solid. Chromatography on 
silica gel (50g) eluting with chloroform/methanol (40:1 v/v) yielded the title compound as a yellow solid 

75 (389mg), S (CDCI 3 ) 0.7-1.0 (2H,m), 1.0-1.8 (11H t m), 1.35 (9H,s), 1.9-2.1 (2H,m), 2.8-3.2 (7H,m), 4.05 <1H,m), 
4.15-4.4 (2H,m), 4.7 (1H,m), 4.95 (1H.d), 7.0 (1H,s). 7.05 (1H,d), 7.15-7.35 (10H,m), 7.6 (1H,s), 7.7 (1H,m), 
7.8 (1H.d), 8.6 (1H,dd), 8.9 (1H,d). 



20 Example 1 



N-[5-[(4-Aminobutyl)amino]-2$-hydroxy-5-oxo-1 S-(cyclohexy Imethy l)-4R-(phenyimethyl-1 -pentyl]-[N-[(1 ,1 - 
dimethylethoxy)carbonyl]-L-phenylalanyl]-L-histidinamide 

25 

Method A 

A solution of Intermediate 11 (20mg) in 1 ,4-diaminobutane (0.5ml) was kept at 40* for 20 hours, then 
30 dichloromethane (150ml) was added. The organic phase was washed with water (30ml), dried (MgSCU) and 
evaporated to a glass, which was purified by preparative high performance liquid chromatography to give 
the title compound (10mg). Mass spectrum MH* 774. 



35 METHOD B 

Intermediate 10 (442mg) was stirred with a 4M solution of hydrogen chloride in dioxan (17ml) for 75 
minutes at room temperature, then evaporated to a white solid. The solid was mixed with [N-[(1 t 1- 
dimethyiethoxy)carbonyl]-L-phenylalanyl}-L-hisidine (443mg) in dimethylformamide (3ml) and the resulting 

40 solution cooled in an ice-bath. Diphenylphosphoryl azide (258ul) in dimethylformamide (1ml) and 
triethylamine (300ul) in the same solvent (1ml) were added, and the reaction stirred in an ice-bath for 2 
hours, then at room temperature for 18 hours. The reaction mixture was diluted with ethyl acetate (100ml) 
and washed with 10% citric acid (2x40ml), water (30ml), saturated sodium bicarbonate (2x30ml), brine 
(30ml), dried (MgSO*) and evaporated to give a white solid. The solid was treated with 1,4-diamlnobutane 

45 (2ml) at 40* for 4 hours. The reaction mixture was added to water (50ml) and extracted with ethyl acetate 
(6x50ml), dried (MgSOt) and evaporated to give a white solid, which was purified by preparative high 
performance liquid chromatography to yield the title compound (600mg) as a white powder, 6 (DMSO-d6) 
0.7-1.0 (2H,m), 1.3 (9H,s), 1.0-1.8 (17H.m), 2.4-3.2 (11H.m), 3.3 (1H,d), 3.75 (1H,m), 4.15 (1H.m), 4.67 
(1H,m), 7.05 (1H,d), 7.1-7.35 (10H,m), 7.4 (1H.s), 7.75 (4H,m) t 8.3 (1H,d), 9.05 (IH.s). Mass spectrum MH* 

so 774. 

Examples 2-9 were similarly prepared according to Method B above from [N-[(1,l-dimethylethoxy)- 
carbonyl]-L~phenylaianyl}-L-histidlne, one of Intermediates 7-10 and a suitable diamine. 



55 Example 2 



N-[5-[(4-Aminobutyl)amino]-1 S-(cyclohexylmethyl)-4R-ethyl-2S-hydroxy-5K)xo-1 -penty l|-|N-[(1 ,1 - 
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dimethylethoxy)carfaonyl|-L*phenylalanyl[-L-hlstidinamld 

(74mg), 6 (DMSO-ds) 0.79 (t.3H), 0.70 to 1.83 (m, including 1.29.S.9H), 2.20 to 3.30 (m.8H) f 4.13 (m,1H), 
4.68 (m ( 1H), 7.03 (d.lH), 7.10 to 7.35 (m,5H), 7.42 (s,1H), 7.62 (d.1H), 7.92 (broad S.4H), 8.39 (d.1H), 9.04 
(s,1H). Mass spectrum MH* 712. 
From Intermediate 9 (110mg) and 1,4-diaminobutane. 



Example 3 



N-[5-[(4-Aminobutyl)amino}-1 S-(cyclohexy lmethyl)-2S-hydroxy-4S-(1 -methylethyl)-5-oxo-1 -pentyl|-[N-[(1 ,1 - 



dimethylethoxy)carbonyl|-l-phenylalanyt -L-histidinamide 



(28mg). $ (DMSO-d 6 ) 0.80 (d,6H). 0.60 to 1.85 (m, including 1.28.S.9H), 2.60 to 3.30 (m,8H) t 7.73 (m,1H) ( 
4.13 (m,1H), 4.67 (m ( 1H), 7.01 (d,1H), 7.10 to 7.35 £n,5H), 7.39 (s,1H), 7.49 (d,1H), 7.72 (broad S.3H), 7.83 
(m,1 H), 8.33 (d,1 H) f 9.00 (s,1 H). Mass spectrum MH 726. 
From Intermediate 7 (40mg) and 1,4-diaminobutane. 



Example 4 



N-[5-[(4-Aminobutyl)amino>1S*(cydohexylmethyl)*2S-hydroxy-4S*(1-RS-methylpropyl)-5-oxo-1-pentylKN- 



(1,1*dimethylethoxy)carbonyl|"L»phenylaianyl|-L-histidinamide 



(35mg). Mass spectrum MH 740. 

From Intermediate 8 (60mg) and 1 ,4-diaminobutane. 



Example 5 



N-[(1 t 1-Dimethylethoxy)cartoonyl]-L-phenylato^ 

methylamino)ethyllamino|-5K)xO"4R-(phenylrnethyl)pentyl]-L-histidinarnide, trifluoroacetate 

(171mg), 6 (DMSO-de) 0.6-1.8 (15H,m), 1.30 (9H,s), 2.50-3.6 (11H ( m), 3.58 (3H,s), 3.75 (1H.m), 4.13 (1H,m). 
4.5-4.9 (2H,m) t 6.98 (1H t d), 7.05-7.31 (10H ( m), 7.36 (1H,s), 7.45 (1H,d), 7.81 (1H,bs), 8.0 (1H,t). 8.30 (1H.d), 
8.98 (IH.s). Mass spectrum MH* 760. 
From Intermediate 10 (50mg) and 2-(N-methylamino)ethylamine. 



Example 6 



N-[(1 1 1 -Dimethylethoxy )carbonyl]-L-phenylalanyl-N-{5-[(2-amino-2-methylpropy l)amlno)-1 S- 
(cyclohexylmethyl)-2S-hydroxy-5-oxo-4R-(phenylmethyi)pentylhL-histidinamide, trifluoroacetate 

(132mg) t « (DMSO-de) 0.64-1.70 (15H,m), 1.30 (9H,s). 2.49-3.62 (lOH.m), 3.46 (6H,s), 3.75 (1H,m), 4.13 
(1H,m), 4.56-4.90 (2H.m), 6.99 (1H,d), 7.05-7.32 (10H.m). 7.38 (1H,s). 7.50 (1H.d), 7.85 (2H,bs), 7.98 (1H,t), 
8.30 (1H,d), 9.01 (IH.s). Mass spectrum MH* 774. 
From Intermediate 10 (100mg) and 1 ,2-diamlno-2-methylpropane. 



Example 7 

N-[(1 ,1 -Dimethy lethoxy)cart)ony l}-L-phenylalanyl-N-[1 S-(cyclohexylmethyl)-5-([2-(N,N-dimethytamino)-1 - 



13 



EP 0 320 205 A2 



methylethyl|amlnoh2S-hydroxy-5^ trifluoroacetate 

(30mg), w (DMSO-de) 0.65-1.80 <15H,m), 1.30 (9H.s), 2.48-3.12 (lOH.m), 3.36 (9H,s) ( 7.0 (1H,d), 7.07-7.32 
(10H.m). 7.35 (1H,s). 7.48 (1H,m), 7.72-7.96 (1H.m), 8.05 <1H,m), 8.30 (1H,m). 8.95 (1H ( s). Mass spectrum 
MH* 788. 

From Intermediate 10 (50mg) and 1-(N,N-dlmethylamlno)-2-amlnopropane. 



Example 8 



N-[(1 ,1 -Dimethylethoxy)carbonyl]-L-phenylalanyl-N-[1 S-(cyclohexylmethy l)-2S-hydroxy-5-[(2- 
aminoethyl|amino]-5-oxo-4R-(phenylm8thyl)pentyl]-L-histidinamide t trifluoroacetate 

(52mg), 6 (DMSO-d 6 ) 0.6-1.8 (15H,m), 1.30 (9H,s). 2.5-3.5 (m), 4.05-4.22 (1H,m), 4,55-4.75 (1H,m), 6.9 
(1H,d), 7.1-7.3 (10H,m), 7.35 (1H,s). 7.45 (1H,d), 7.9 (1H,t), 8.25 (1H,d), 8.98 (1H.s). Mass spectrum MH* 
746. 

From Intermediate 10 (70mg) and 1 ( 2-diaminoethane. 



Example 9 



N-[(1 ,1 -Dimethylethoxy)(^rbonyl]-L-phenylalanyl-N-[1S-(cyclohexylmethyl)-2S-hydroxy-5-[[2-(N,N^ 



dimethylamino)ethyl amino|-5-oxo-4R-(phenylmethyl)pentyl|-L-histidinamide t trifluoroacetate 



(79mg), S (DMSO-ds) 0.6-1.8 <15H,m), 1.29 (9H,s), 2.50-3.66 (12H,m), 2.70 (6H.s). 3.65-3.80 (1H,m), 4.05- 
4.20 <1H,m), 4.6-4.7 (1H,m), 7.0 (1H,d). 7.1-7.3 (10H.m), 7.38 (1H,s). 7.5 (1H.d). 8.05 (1H.t), 8.32 (1H.d), 9.0 
(1H,s). Mass spectrum MH* 774. 

From Intermediate 10 (70mg) and 2-(N f N-dimethylamino)ethylamine. 



Example 10 

N-[5-[(4-Aminobutyl)amino]-2^^ 
L-phenylalanyl]-L*histidinamlde 



Method A 

The product of Example 1 (40mg) was stirred with a 4M solution of hydrogen chloride in dioxan (1ml) 
for 45 minutes at room temperature, then evaporated to an opaque glass. This was dissolved In 
dichloromethane (1ml), then acetic anhydride (39ul) and triethylamine (114^x1) were added and the reaction 
stirred at room temperature for 2 hours. The reaction mixture was diluted with dichloromethane (50ml) and 
washed with 1N citric acid (2x30ml), saturated sodium bicarbonate (2x30ml), brine (30ml) dried (MgSO*) 
and evaporated to an orange solid. The solid was treated with 1,4-dlaminobutane (0.5ml) at 40* for 16 
hours and at 20* for 24 hours. The reaction mixture was diluted with dichloromethane (150ml) and washed 
with water (30ml), dried (MgSOi) and evaporated to give a red solid, which was purified b^ preparative high 
performance liquid chromatography to yield the title compound (8mg). Mass spectrum MH* 716. 



Method B 

Intermediate 10 (49.8mg) was stirred with a 4M solution of hydrogen chloride In dioxan (2ml) for 45 
minutes at room temperature, then evaporated to give a pale cream solid. The solid was mixed with [N- 
[acetyl-L-phenylalanyll-L-histidine (42.7mg) In dimethylformamide (1ml) and the resulting solution cooled in 
an ice-bath. Diphenylphosphoryl azide (32ul) and triethylamine (38al) wer added and the reaction stirred In 
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an ice-bath for 2 hours, then at room temperature for 16 hours. The reaction mixture was diluted with ethyl 
acetate (50ml). washed with 2N hydrochloric acid (2x30ml), saturated sodium bicarbonate (2x30ml), 
saturated brine (30ml). dried (MgSCK) and evaporated to a sticky gum. Chromatography on silica gel (2g) 
eluting with chloroform/methanol (19:1 v/v) afforded a white foam. The foam was treated with 1,4- 
5 diaminobutane (1ml) and heated at 60* for 1.5 hours. The reaction mixture was diluted with chloroform 
(150ml). washed with water (30ml), dried (MgSO*) and evaporated to give a white foam, which was purified 
by preparative high performance liquid chromatography to yield the title compound (30mg). Mass spectrum 
MH* 716. 



10 

Claims 



1 . Compounds of formula (I) 

OH R 3 



20 



R 1 -X 1 -X 2 -NH-CHCHCH 9 CHCONH-X 3 -NR 4 R 5 (1) 
S o 
CH 2 R 



wherein 

R 1 represents an acyl group; 

X 1 represents phenylalanine or p-methoxyphenylaianine bonded N-terminally to R 1 and C-terminally to X 2 ; 
25 X 2 represents histidine or N-methylhistidine bonded N-terminally to X 1 and C-temninaily to the group -NH-; 
R 2 represents a C+-e cycloalkyl group; 

R3 represents a group CHR G R 7 (where R 6 is a hydrogen atom and R 7 is a phenyl group, or R 6 is a methyl 
group and R 7 is a hydrogen atom or a methyl or ethyl group; 

X 3 represents a C2-6 alkylene chain optionally substituted by one or more Ci-* alkyt groups; 
30 R 4 and R s , which may be the same or different, each independently represent a hydrogen atom or a C1-4 
alky I group, or NR 4 R 5 may form a 5- or 6- membered polymethylenimine ring; 
and salts and solvates thereof. 

2. Compounds of formula (I) as claimed in claim 1 wherein R 1 represents a group R B X 4 C( = 0)- wherein 
R 8 is a Ci -e alkyl group and X 4 is an oxygen atom or a bond; 

35 R 2 represents a cyclopentyl or cyclohexyl group; 

R 3 represents a group -CHR 6 R 7 wherein R 6 represents hydrogen and R 7 represents a phenyl group, or R 6 

is a methyl group and R 7 is a hydrogen atom or a methyl or ethyl group; 

X 3 represents a C2-* alkylene chain optionally substituted by one or two methyl groups; and 

R 4 and R 5 each independently represent a hydrogen atom or methyl group; 
40 and salts and solvates thereof. 

3. Compounds of formula (la) as claimed in claim 1 

OH R 3 

R 1 -X 1 -X 2 -NH-CHCHCH v CHC0NH-X J -NR M R 5 (la) 



45 



50 



I / \ 



wherein R 1 represents a group R 8 X 4 C(=0)- where R 8 is a Ci-€ alkyl group and X 4 Is an oxygen atom or a 
bond; X 1 , X 2 and R 3 are as defined in formula (1) above; X 3 represents a C 2 -4 alkylene chain optionally 
substituted by one or two methyl groups; and R 4 and R 5 each represent a hydrogen atom or a methyl 
s5 group; and salts and solvates thereof. 



15 
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4. Compounds as claimed in dalm 3 wherein R 1 represents an acetyl or t-butoxycarbonyl group, X 1 
represents phenylalanine, X 2 represents histidine, R 3 represents a group -CHR 6 R 7 wherein R 6 represents a 
hydrogen atom and R 7 represents a methyl or phenyl group, X 3 represents a C2-4 alkylene chain selected 
from -<CH2)2-, -CH 2 CH(CH3)-, or -<CH 2 )4- and R 4 and R s each independently represent a hydrogen atom or 

5 a methyl group; and salts and solvates thereof. 

5. A compound of formula (I) as claimed in claim 1 which is 

N-{(1 ,1 -dimethylethoxy)carbonylH-pheny lalanyl-N-{1 S-(cyclohexy Imethy l)-2S-hydroxy-5-[[2-aminoethy \y 
amino]- S-oxo^R-tphenylmethylJpentylJ-L-histidinimide, and salts and solvates thereof. 

6. The physiologically acceptable salts and solvates of compounds of formula (I) or (la) as claimed in 
to any of claims 1 to 5. 

7. Compounds of formula (I) and salts and solvates thereof as claimed in claim 1 for use in therapy. 

8. The use of compound of formula (I) or a salt or solvate thereof for use in the preparation of a 
medicament for the treatment of hypertension, hyperaldosteronism, cardiac insufficiency, congestive heart 
failure, post-myocardial infarction, cerebrovascular disorders, glaucoma and disorders of intracellular ho- 

75 meostasis. 

9. Pharmaceutical compositions comprising a compound of formula (I) or a physiologically acceptable 
salt or solvate thereof as claimed in claim 1 in association with a pharmaceutical ly acceptable carrier, 
diluent or excipient 

10. Compositions as claimed in claim 9 in a form suitable for oral, buccal, transdermal, parenteral or 
20 rectal administration or in a form suitable for administration by inhalation or insufflation. 

1 1. Compositions as claimed in claim 9 or claim 10 in the form of dosage units. 

12. A process for preparing the compounds of formula (1) as defined in claim 1 which comprises 
treating a lactone of formula (2) 
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3Q R l -X A -X 2 -NH-CH 1 • (2) 

CH 2 R 2 

wherein R\ R 2 , R 3 , X 1 and X 2 are as defined in claim 1, with a diamine of formula (3) 
35 R S R*N-X3-NH2 (3) 

wherein R 4 , R s and X 3 are as defined in claim 1, 

or a protected derivative thereof, followed if necessary or if desired, by removal of any protecting groups 
present and, if desired, by salt formation. 
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